(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 0 683 511 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
23.02.2000 Bulletin 2000/08 

(21) Application nunnber: 95303160.6 

(22) Dateof filing: 10.05.1995 



(51) Intel 7: H01L 21/3105. HOI L 21/312 



(54) Device fabrication involving planarization 

Planarisierung in der Herstellung von Anordnungen 

Fabrication de composants impliquant une ^tape de planarisation 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 18.05.1994 US 245279 

(43) Date of publication of application: 
22.11.1995 Bulletin 1995/47 

(73) Proprietor: AT&T Corp. 

New York, NY 10013-2412 (US) 

(72) Inventors: 

• Prybyla, Judith Ann 

Edison, New Jersey 08820 (US) 

• Taylor, Gary Newton 
Bridgewater, New Jersey 08807 (US) 

(74) Representative: 

Johnston, Kenneth Graham et at 

Lucent Technologies (UK) Ltd, 

5 Mornington Road 

Woodford Green Essex, IG8 OTU (GB) 



m 

CO 
00 
CD 

O 

Q. 

Ill 



(56) References cited: 
EP-A- 0 285 245 



WO-A-95/11521 



IBM TECHNICAL DISCLOSURE BULLETIN, voL 
27, no. IB, June 1984 NEW YORK-US, pages 
591-592, ANONYIVIOUS 'Planarization layers' 
JOURNAL OF THE ELECTROCHEMICAL 
SOCIETY, vol. 134, no. 8A, August 1987 
MANCHESTER, NEW HAMPSHIRE US, pages 
2030-2037, STILLWAGON ET AL 'Planarization 
of substrate topography by spin coating' 
JOURNAL OF THE ELECTROCHEMICAL 
SOCIETY, vol. 135, no. 4, April 1988 
MANCHESTER, NEW HAMPSHIRE US, pages 
1019-1021, XP 000020357 GOKAN ET AL 
'Uniform polymer coating technique for an 
etch-bacic planarization process using low 
molecular weight polymers' 
EXTENDED ABSTRACTS, vol. 80, no. 1, May 
1980 PRINCETON, NEW JERSEY US, pages 
456-457, HIGUCHI ET AL 'Planar technology for 
multilayer metallization' 

IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
32, no. 5 A, October 1989 NEW YORK US, pages 
402-403, XP 000048962 ANONYMOUS 'Device for 
planarizing structures surfaces' 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person nnay give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 7S001 PARIS (FR) 



Serial No. 
Reference 



09/935,462 
23 of 28 



1 



EP 0 683 511 B1 



2 



Description 

Baclcground of the Invention 

1 ■ Technical Field 

[0001 ] This invention relates to device processing and 
in particular device processing utilizing the planarlzation 
of a non planar surface. 

2. Art Background 

[0002] The fabrication of devices such as semicon- 
ductor devices almost invariably produces surfaces 
which are nonplanar in configuration. For example, typ- 
ically in the fabrication of silicon devices, a multiplicity 
ot layers are formed sequentially on a silicon substrate. 
Many of these layers are processed into a desired pat- 
tern by selective deposition or by removing desired re- 
gions of the layer. As more and more layers are built 
upon underlying nonplanar layers, the irregularity of the 
surface typically becomes more and more pronounced. 
Such surface irregularity is referred to generally as to- 
pography. 

[0003] The irregularity of a surface naturally appears 
in a layer that is deposited over that surface. As illus- 
trated in FIG. 1, a device 110 is formed on a substrate 
100. A layer of dielectric 120 is formed over the device 
110. Windows 1 30 are then formed in the dielectric 120 
and filled with metal 1 35. More metal 140. Is then formed 
on the substrate and is patterned to form the intercon- 
nects. Another layer of dielectric 150 is then deposited 
over the metal 140. As illustrated by FIG. 1, the surface 
irregularity of each layer is present in each succeeding 
layer 

[0004] Such irregularity in some situations presents 
significant problems. For example, the patterning of a 
layer is generally accomplished by a lithographic proc- 
ess; e.g.. a photosensitive material is deposited, ex- 
posed to radiation in the desired pattern, and developed 
to reveal the exposed pattern. Typically, if a resist ma- 
terial of reasonable thickness is deposited on an irreg- 
ular surface, it will have a coresponding irregularity. 
However, to produce a well-resolved exposure, it is nec- 
essary to focus the exposing light at a specific depth and 
to maintain focus over a range of depths that is at least 
two times the feature width. If the resist material is not 
planar, the exposure image will not be entirety in focus 
across the wafer and throughout the film thickness. 
Thus, the probability of obtaining degraded lithographic 
results is significantly increased. Also, surface irregular- 
ity adversely affects device interconnect reliability be- 
cause the metal layer deposited over the surface irreg- 
ularity has turns or bends which conform to the surface 
irregularity. These bends or turns can cause current 
crowding in the metal layer, which is undesired. 
[0005] To avoid the consequences associated with 
surface irregularity in device fabrication, processes are 



used to planarize the device surface on which the pho- 
tosensitive material is deposited. Such surface irregu- 
larity is referred to generally as topography. For exam- 
ple, to planarize an irregular device surface by an etch- 

s back technique, a material is deposited on a surface in 
a manner adapted to form a surface relatively free of 
topography, i.e. a planar surface. If the device layer and 
the overlying material layer have approximately the 
same etch rate, etching proceeds through the planariz- 

10 ing material and into the device layer with the surface 
configuration of the planar izing layer being transferred 
to the device material surface. This process is disclosed 
for example in EP-A- 0 285 245. Although this technique 
has been adequate for some applications where a mod- 

is est degree of planarity is required, present planarizing 
materials and present methods for depositing the 
planarizing material are often inadequate to furnish the 
necessary planar surface for demanding applications 
such as in submicron device fabrication. (Referring to 

20 FIG. 2, the degree of planarization is defined as the dif- 
ference between the depth of the topography on the de- 
vice surface h,, as denoted by 1 3 and the vertical dis- 
tance between a high point and a low point on the over- 
tying material surface h^j, as denoted by 12. divided by 

25 the depth of the topography on the device surface h^. i. 
e. t" The degree of planarization, in percent, is 
t^ g V 100.) Generally, for typical device configura- 
tions, planarization using the etch-back technique has 
not been better than approximately 55% as calculated 

30 by the method described above for features greater than 
300 Jim in width. The low degree of planarization 
achieved by this technique is attributed to a lack of 
planarity in the planarizing material. Thus for etongated 
gap type features greater than 300 ^im in width and 0.5 

35 in depth, the usefulness of an etch-back technique 
has been limited. 

[0006] Techniques such as chemical-mechanical pol- 
ishing (CMP) are also used to obtain a planar surface 
over irregular substrate surfaces. In CMP, the surface is 
40 simply polished until the desired degree of planarity is 
achieved. Although this technique. In principle, yields 
surfaces with a high degree of planarity, it does require 
a high degree of process control to obtain the desired 
results. 

45 [0007] It is also known a process for forming planari- 
zation layers wherein a top cap (of glass or suitable 
smooth-surfaced material) is laid on top of a liquid layer 
of thermal or catalyzed solvent less polymer system, 
pressed down and removed after the liquid layer has so- 

50 lidified, (IBM Technical Disclosure Bulletin, vol.27, n** 1 B. 
pages 591-592). 

[0008] Since the problems that are introduced by non- 
planar configurations are anticipated to worsen with the 
evolving sophistication of very large scale integration, 
55 an improved process for surface planarization in device 
fabrication is desired. 

[0009] According to the present invention, there is 
provided a process as defined in claim 1 . 
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[0010] In the specification, one centipoise equals 10 
milligrams/centinnetre/second. 
[001 1 ] The present invention is a process for planariz- 
Ing a surface using a resist-etchback technique. The 
process of the present invention uses an object with a 
flat surface to planarize a material of appropriate viscos- 
ity after it is formed on the substrate surface. That is. 
the planarization material is forced Into planarity by con- 
tacting the planarization material with the object having 
a flat surface. 

[001 2] Objects with sufficiently flat surfaces for use in 
the present process are well known to those skilled in 
the art. One example of such an object is an optical flat 
made of fused silica. The fiat surface is configured to 
transfer the desired degree of planarity to the planariza- 
tion material. 

[001 3] The planarization material has a viscosity of 20 
centipoise to 1000 centipoise, preferably about 60 
centipoise to about 200 centipoise and most preferably 
about 100 centipoise, when it is applied to the substrate 
surface. The planarizatbn material is solidified while in 
contact with the flat surface by curing or by some other 
mechanism for solidifying the planarization material. 
The curing conditions depend upon the particular 
planarization material. Upon solidification, e.g., curing, 
the volume of the planarization material is reduced by 
less than 10%. The cured planarization material has a 
surface planarity of at least about eighty-five percent 
over the initial topography. The initial topography is a 
function of the chip design and the processes used for 
fabricating the chip. 

[001 4] After the planarization material is cured, or af- 
ter its viscosity has been increased, the flat surface is 
separated from contact with the planarization material. 
It is advantageous if the flat surface is coated with a re- 
lease agent prior to planarization in order to facilitate 
this separation without degrading the planarity of the 
planarization material. The composition of the release 
agent will depend upon the composition of the planari- 
zation material. For example, if the planarization mate- 
rial is an epoxy material, the release agent on the flat 
surface is a material that is inert with respect to the 
planarizing nr^terial. That is. there is substantially no ad- 
hesive force between the release agent and the 
planarizing material when the flat surface is separated 
from contact with the planarizing nnaterial. 
[001 5] The planar surface is then transferred from the 
planarization material to the underlying material. In de- 
vice fabrication, the underlying material is typically a di- 
electric material such as silicon dioxide or silicon nitride 
but could be any material with a non-planar surface. The 
planar surface is transferred to the underlying dielectric 
using known processing techniques such as plasma re- 
active ion etching. It is advantageous if the planarization 
material has an etching resistance that is about the 
same as the etching resistance of the underlying dielec- 
tric such as, e.g., plasma deposited Si02. Suitable etch- 
ing conditions to effect the desired transfer will depend 



upon the particular materials that are to be etched. 
These etching conditions are known to those skilled in 
the art. 

[0016] Not only is improved planarization achievable 
5 for a given surface configuration, but conversely, for a 
desired degree of planarization it is possible to accept- 
ably process substantially more severe topography than 
conventranal resist etch-back techniques. 



[0017] FIGS. 1 and 2 are illustrative of configurations 
involved in the invention. 

[0018] FIG. 3 is a schematic illustration of an assem- 
bly for introducing a flat surface onto a planarizing ma- 
terial. 

[0019] FIGs. 4A, 4B and 5 are illustrative of the 
planarization process of the present invention. 
[0020] FIG. 6 is an illustration of a computer generat- 
ed model of a wafer test pattern. 
[0021] FIG. 7 is an illustration of a profitometer trace 
of the test pattern in FIG. 6. 

[0022] FIG. 8 is an illustration of a profitometer trace 
of the test pattern in FIG. 7 with a planarized layer ther- 
eover. 

[0023] FIG. 9 is an illustration of a profitometer trace 
of a second planarization test pattern. 
[0024] FIG. 10 is an illustration of a profitometer trace 
of the test pattern in FIG. 9 with a planarized layer ther- 
eover 

[0025] FIG . 1 1 is an illustration of a profitometer trace 
of a third planarization test pattern. 
[0026] FIG. 1 2 is an illustratton of a profitometer trace 
of the pattern in FIG. 11 with a planarized layer thereo- 
ver 

[0027] FIG. 1 3 is an illustration of a profitometer trace 
of a fourth planarization test pattern. 
[0028] FIG. 1 4 is an illustration of a profitometer trace 
of the test pattem in FIG. 13 with a planarized layer ther- 
eover 

[0029] FIG. 15 is an illustration of a profitometer trace 
of a fifth planarization test pattern. 
[0030] FIG. 1 6 is an illustratton of a proptometer trace 
of the test pattem in FIG. 15 with a planarized layer ther- 
eover 

Detailed Description 

[0031] The inventive device fabrication procedure in- 
so eluding a specific planarization process yields great flex- 
ibility for device fabrication. As noted, when a specific 
feature is dictated by design considerations, the degree 
of planarization of this feature is substantially enhanced 
through use of the inventive procedure. Similarly, when 
55 a desired degree of planarization is essential in a device 
fabrication procedure and where there is flexibility in the 
particular structure, substantially more irregular fea- 
tures are suitably planarized utilizing the inventive tech- 
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nique. 

[0032] In the present process, a planarization nnaterial 
is formed on a substrate surface and forced into planari- 
ty using an object with a flat surface. The flat surface 
has a flatness which is adequate to planarize the mate- 
rial to a degree of at least about sixty percent. In proc- 
esses for device fabrication, it is advantageous if the flat 
surface has a flatness which is adequate to planarize 
the material to a degree of at least about eighty-five per- 
cent. The object with the flat surface contacts the 
planarizing material with sufficient force to transfer the 
flatness from the surface to the planarizing material. 
[0033] To obtain the desired results in a process hav- 
ing a planarization step, the surface to be planarized is 
treated with a freely flowing planarizing material, i.e., a 
material that has a viscosity of 20 cp to 1000 cp, prefer- 
ably about 60 cp to about 200 cp. and most preferably 
about 100 cp. This material should be capable of being 
solidified after it is planarized. Solidification occurs 
when the material is suited for subsequent processing. 
For example, if the planarization material is used in a 
resist etchback process, the resist material must be suf- 
ficiently solidified so that it will retain its planarity and so 
that its etching rate will be about the same as that of the 
underlying material. One skilled in the art will be able to 
determine to what degree the planarizatbn material 
should be solidified in a particular application. 
[0034] Examples of suitable materials include mono- 
mers, monomer mixtures, oligomers, and oligomer mix- 
tures that are solidified through curing. Other examples 
of suitable nnaterials include solid materials such as pol- 
ymer melts that are softened by heating, planarized and 
then resolidified through cooling. These materials are 
herein referred to as planarizing materials. It is advan- 
tageous if the planarizing material has a melting point 
of at least about 90' C. It is particularly advantageous if 
the planarizing material has a melting point of at least 
about 120*C and preferably at least about 150'*C. It is 
advantageous if the cured polymer or solid polymer melt 
is etched at the same rate as the material underlying the 
planarization material. 

[0035] Planarizing materials that are solidified by cur- 
ing are typically cured by combining the planarizing ma- 
terial with an acid generator that generates acid when 
heated or irradiated. The acid catalyzes polymerization. 
These acid generators are well known to those skilled 
in the art. The specific acid generator used depends up^ 
on the planarization material and the desired curing con- 
ditions. 

[0036] Epoxy resins are examples of planarization 
materials that are suited for use in the present process. 
One example of a suitable epoxy resin is epoxy novolac 
431 (DEN-431 ) which is commercially obtained from the 
Dow Chemical Co. The uncured resin has a viscosity of 
about 100 cp at a temperature of 100'*C. The resin is 
cured at a temperature of about lOO^C in the presence 
of an acid catalyst. An example of a suitable acid cata- 
lyst is the photoacid generator triphenylsulphonium hex- 



afluoroantimonate. 

[0037] The planarizing material should shrink less 
than 10% by volume when solidified. Planarizing mate- 
rials to which more than 10% by volume of solvent is 

5 added to achieve the desired viscosity are not compat- 
ible with the present process unless the planarizing ma- 
terial has a viscosity within the desired range before so- 
lidification is induced by expedients such as heating, 
cooling, etc. Suitable planarizing materials therefore 

10 have a viscosity (either before the solvent is added or 
after solvent evaporation) that permits it to flow when 
placed in contact with the flat surface. 
[0038] The thickness of the planarization layer after 
solidification should be greater than or equal to about 

'5 one and one-half times the depth of a topographical fea- 
ture on the substrate (13 in FIG. 2). Thicknesses much 
greater than this are not desirable because of excessive 
processing time, and thicknesses much less than this 
are not desirable because inadequate planarization re- 

20 suits if material is not deposited above the highest top- 
ographic regions. For example, thicknesses greater 
than about 10 nm or less than 0.5 ^m are generally un- 
desirable. 

[0039] It is also desirable that thickness non-uniform- 
25 ity of the planarizing material, i.e., thickness variations 
over an entire device or wafer, be maintained in the 
range 0.05 ^m to 0.2 jim. If a greater than 0.2 ^lm thick- 
ness non-uniformity is produced, undesirable results 
are obtained. 

30 [0040] In addition to appropriate viscosity and solidi- 
fication properties, the materials utilized for planarizing 
should also have the properties necessary for their ulti- 
mate use in the device fabrication sequence. For exam- 
ple, if the planarizing material is to be utilized in an etch- 

35 backscheme, then the material should undergo removal 
by a specific etchant at a rate similar to the rate at which 
the underlying material is removed. For example, under 
given conditions, the rate at which the planarizing ma- 
terial is removed should be in a range that is within about 

40 five percent of the rate at which the underlying material 
is removed. One skilled in the art is familiar with how 
closely these etching rates are matched to achieve ac- 
ceptable processing results. 

[0041] Exemplary materials suitable for etch-back 
45 procedures with an underlying material with a composi- 
tion such as silicon dioxide are aromatic epoxy mono- 
mers. These materials are also suitable for utilization in 
multilayer resists. Additionally, it is desirable that the so- 
lidified planarization material have a Tg higher than tem- 
50 peratures that are to be employed in subsequent 
processing steps. If the Tg is lower, an undesirable 
change in surface configuration generally occurs upon 
subjecting the solidified planarizing layer to those tem- 
peratures. 

55 [0042] After the planarization material is applied onto 
the substrate, but before the planarization material is 
cured, the planarizing material is contacted with the ob- 
ject with a flat surface to transfer the flatness of the sur- 
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face to the planarization material. One example of such 
an object is depicted schematically in FIG. 3. In FIG. 3 
the object is an optical flat 20. The silicon wafer 30 to 
be planarized is placed on a flexible mat 40 which is on 
top of a pressurizing chamber 50. 
[0043] The unhardened ptanarizing material is ap- 
plied in a flowable state on the top surface of the silicon 
wafer 30. The silicon wafer 30 is then placed on the flex- 
ible mat 40 with the side to be planarized facing toward 
the optical flat 20. The chamber 50 is then pressurized 
to about 10 to about 100 atmospheres, which presses^ 
the surface of the silicon wafer with the planarizing ma- 
terial thereon into contact with the optical flat. The 
planarizing material is then hardened using one of the 
previously described techniques. 
[0044] The flexible mat 40 causes the wafer 30 and 
the optical flat 20 to be oriented parallel to each other 
If the optical flat 20 flexes, even a small amount, the 
flexible mat 40 permits the wafer to flex a commensurate 
amount. Thus, the planar surface transferred to the wa- 
fer will not only have a flatness that is commensurate to 
the flatness of the optical flat, that flatness is in the ap- 
propriate plane in relation to the substrate surface. 
[004S] The assembly illustrated in FIG. 3 is also pro- 
vided with a retaining ring 60 which holds the assembly 
together. However, many different mechanisms arecon- 
templated as useful for holding the optical flat in a place 
and a position for being placed in contact with a wafer 
surface. Many different expedients for placing the wafer 
in a position to be contacted by the optical flat are also 
contemplated, as are automated mechanisms for insert- 
ing the wafers into the assembly and removing them 
therefrom. 

[0046] After the flat surface is placed into contact with 
the planarizing material, the planarizing material is hard- 
ened. The planarizing material is hardened while in con- 
tact with the flat surface. The expedient for hardening 
the planarizing material depends upon the planarizing 
material used. If the planarizing material is a monomer, 
oligomer, or mixture, thereof, it is advantageous if the 
material is hardened by polymerizing the material. In 
one embodiment, such materials are polymerized by 
combining the material with a compound that generates 
a polymerization acid catalyst when the monomer is ex- 
posed to some form of energy such as heat or tight. 
There are numerous polymerization catalysts which are 
known to those skilled in the art. Examples of suitable 
polymerization acid catalysts are disclosed in U.S. Pat- 
ent Nos. 4.882,201 and 4.689,289 to Crivello et al.. 
which are incorporated by reference herein. The effica- 
cy of any particular catalyst will depend upon the mate- 
rial in which it is desired to induce polymerization. 
[0047] In another embodiment the planarizing mate- 
rial is a material such as a polymer which is applied to 
the wafer surface, softened at elevated temperature, 
planarized by contact with the object with a flat surface, 
and hardened by cooling the material until it is no longer 
soft. 



[0048] After the planarizing material is hardened, the 
fiat surface is removed from contact with the planarizing 
material. Since the planarizing material is hardened 
while in contact with the planarizing surface, it is advan- 
tageous if the surface is coated with a release agent. 
The release agent aids the act of separating the flat sur- 
face from the plananzing material without disturbing the 
planarity of the planarizing material. 
[0049] Again, the efficacy of a particular release agent 
depends upon the plananzing material. For example, if 
the planarizing material is the epoxy novolac DEN -431 
previously described, the object's flat surface (a silica 
disc, for example) is coated with a layer of octadecyl 
trichlorosilane. The flat surface is coated by immersing 
the surface in a solution containing 3% octadecyl trichlo- 
rosilane in n-octane. One skilled in the art is familiar with 
many different materials that will act as release agents 
for the plananzing materials described herein. 
[0050] After the material has been planarized, the 
planarity is transfen*ed to the dielectric material under- 
lying the planarized layer. As mentioned previously for 
a given etching environment, it is advantageous if the 
etching rate of the planarizing material is equivalent to 
the etching rate of the underlying dielectric material. The 
planarity is transferred by any known method such as 
etching using a plasma One skilled in the art will be able 
to select a planarizing material that is etched at the same 
rate as the underlying dielectric and to control etch uni- 
formity based on the etching rate of the materials. It is 
contemplated that the planarizing material is etched us- 
ing either whole wafer plasma etching or scanned and 
kx;alized plasma etching. 

[0051] In this application, the device is first fabricated 
on the substrate wafer using known techniques. Typi- 
cally, a dielectric layer of Si02 material such as silicon 
dioxide (Si02) is then deposited over the patterned sub- 
strate wafer. The Si02 is deposited on the wafer using 
conventional techniques such as a plasma enhanced 
deposition using a precursor such as tetraethyl orthosil- 
icate (PE-TEOS). Because the surface over which the 
dielectric Is deposited contains topography, the surface 
of the deposited dielectric also contains topography If 
the surface of the dielectric is not planarized at this point, 
the height of the topographic features will often be in- 
creased upon proceeding to the next steps in the fabri- 
cation sequence. This is because a deposited layer 
tends to conform to the layer over which it is deposited. 
Depending on the severity of the topography in the first 
level of dielectric deposited on the device, the planari- 
zation is optionally deferred until after the first level of 
metal is deposited and patterned and a second layer of 
dielectric Is deposited on the substrate. 
[0052] As shown in FIG. 1 , in one typical process the 
device 110 Is fabricated on a wafer 100. A layer of die- 
lectric 120 is deposited over the device 110. Windows 
1 30 that connect with the underlying device 1 10 are pat- 
terned in the dielectric 120. These windows 130 are 
filled with metal 135. More metal 140 is then deposited 
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over the entire wafer and patterned into the desired in- 
terconnects. Another layer of dielectric 1 50 is then de- 
posited over the patterned metal 140. 
[0053] The dielectric 150 is planarized according to 
the process of the present inventbn. Otherwise, the to- 
pography of the dielectric layer 150 will be too severe 
for subsequent lithographic processing. As shown in 
FIG. 4 A, a layer of planarizing material 160 is deposited 
over the topographic dielectric material 150. As shown 
in FIG. 4B. the object with the flat surface 170 is placed 
in contact with the planarizing nnaterial 160, thereby 
forcing the planarizing material 160 into planarity The 
planarizing material 160 is then cured or solidified as 
previously described while in contact with the object's 
flat surface 175. The object 170 and the planarizing ma- 
terial 1 60 are then separated from contact. 
[0054] As illustrated in FIG. 5, the planarity of the 
planarizing material 160 is then transferred into the un- 
derlying dielectric layer 150. The planarity is transferred 
by etching the solidified planarizing material 160 (FIG. 
4B) and enough of the underlying dielectric layer 150 to 
planarize the dielectric layer 150. Planarity is achieved 
because the etching rate of the planarizing material is 
approximately equal to the etching rate of the underlying 
dielectric layer. 

[0055] The inventive fabrication procedure is not lim- 
ited to the production of multilayer metallic patterns sep- 
arated by dielectric layers and connected by conductive 
vias. A multitude of devices are advantageously fabri- 
cated. It is contemplated that, any fabrication sequence 
relying on a planarization step over topography is ad- 
vantageously undertaken by the inventive process. The 
inventive process is advantageously used to planarize 
layers made of a variety of materials including dielectric 
layers such as SiOg. silicon nitride (SiN), and other silica 
and silica-like layers. The inventive process is also ad- 
vantageously used to planarize aromatic polymers, 
such as polyimides. or other low dielectric constant, high 
Tg (> 150** C) materials which have an appropriate vis- 
cosity. 

[0056] The following examples are exemplary of suit- 
able conditions employed in the inventive procedure. 

Example 1 

[0057] Numerous 1 2.7 cm (5") diameter silicon waters 
with very demanding test patterns thereon were ob- 
tained. The first test pattern, illustrated schematically in 
FIG. 6, had a large flat region of metal. 600 nm (6000 
A) thick, covered with 2.5 pm of PE-TEOS that was de- 
posited by chemical vapor deposition (GVD), This test 
pattern is very difficult to planarize. A prof ilometer trace 
of the pattern is illustrated in FIG. 7. The trace was ob- 
tained using a Sloan Dektak Model 3030 profilometer 
The feature edge is indicated by the large jump starting 
at about 650 ^im. 

[0058] The patterned and overcoated substrate was 
further coated with a layer of epoxy novolac DEN-431 . 



The novolac 431 was combined with triphenylsulphoni- 
um hexafluoroantimonate photoacid generator (3% by 
weight) and about 2 ml of the novolac resin was initially 
poured on the center of the wafer. 

5 [0059] The resin mixture on the wafer was placed in 
contact with an optical flat. The optical flat was made of 
quartz, had a 15.3 cm (6-inch) diameter, was flat to Xi 
10, and was obtained from General Optics of Moorpark, 
California. The optical flat was first cleaned in a heated 

10 solution of sulfuric acid and hydrogen peroxide main- 
tained at 90'*C, rinsed with deionized water and im- 
mersed in a solution of octadecyt trichlorosilane (3% by 
weight) in n-octane. The trichlorosilane formed a mon- 
olayer coating on the optical flat and performed the f unc- 

'5 tion of a release agent. 

[0060] The resin was then cured by exposing the resin 
mixture to ultraviolet light through the optical flat. The 
resin was exposed for 30 seconds to light from an OAI 
Model 30-7 mercury-xenon arc lamp that was config- 

20 ured for 260 nm output. 

[0061] The optical flat was then removed from the 
hardened resin. The coated wafer was analyzed to de- 
termine the degree of planarity achieved over the wafer 
surface. A trace of the same edge that was scanned to 

25 obtain the trace illustrated in FIG. 7 is illustrated in FIG. 
8. As illustrated by FIG. 8, the 600 nm (6000 A) step in 
FIG. 7 was reduced to a less than 40 nm (400 A) step 
in FIG. 8 which is about a 93. 3% degree of planarization. 
If the remaining step was caused entirely by shrinkage 

30 of the novolac planarization material, the shrinkage was 
only about 6 %. 

Example 2 

35 [0062] A sample 12,7 cm (5") diameter silicon wafer 
with a second test pattern consisting of an array of metal 
squares which were 75 jim on a side and separated by 
50 \xm spaces was prepared. The array was formed on 
a silicon wafer that was 12.7 cm (five inches) in diame- 

40 ter. The sample was covered with a 2.5 ^m-thick layer 
of PE-TEOS. The trace in FIG. 9 illustrates the topogra- 
phy of the sample surface. 

[0063] The sample was coated with a planarizing ma- 
terial using the materials and conditions described in Ex- 

45 ample 1 . The material was planarized under the condi- 
tions described in Example 1 . The topography of the 
coated pattern was measured as previously described 
and a trace of that scan is illustrated in FIG. 10. Note 
that the planarizing material had peaks of less than 10 

50 nm (100 A) over features that were 600 nm (6000 A) 
high in FIG. 9. Some of the overall curvature of the trac- 
es illustrated in FIGs. 9 and 10 was caused by the warp- 
age of the silicon wafer on which the pattern was depos- 
ited. Compensating for this warpage, the overall varia- 

55 lion in topography for the surface described in FIG. 10 
was about 30 nm (300 A) or less which is about a 95% 
degree of planarization. 



6 



11 



EP0 683 511 B1 



12 



Example 3 

[0064] A 12.7 cm (5')' diameter silicon wafer having 
400 p.m X 1 500 M-m memory arrays thereon was pre- 
pared. The arrays were covered with 2.5^m of PE-TE- 
OS and were separated by 60 [im spaces. The topo- 
graphic thickness of each array was 800 nm (8000 A). 
A profflometer trace of these arrays was obtained as de- 
scribed in Example 1 and is illustrated in FIG. 11. 
[0065] The planarizing material described in Example 
1 was deposited on the arrays and the material was 
planarized using the conditions described in Example 1 . 
A trace of the planarized surface is illustrated in FIG. 12. 
Allowing for warpage of the silicon wafer, the surface 
variation in the planarized layer illustrated in FIG. 1 2 was 
less than 40 nm (400 A) which is about a 95% degree 
of planarization. 

Example 4 

[0066] A 1 2.7 cm (5") diameter silicon wafer with 700 
^m x 400 fim memory arrays thereon was prepared. The 
arrays were coated with a 2.5 ^m-thick layer of PE-TE- 
OS and were spaced 140 ^im apart with metal runners 
in the spaces. A trace of a Dektak scan of this pattern, 
obtained as described in Example 1 . is illustrated in FIG. 
1 3. The trace shows that the features had a height of 
about 850 nm (8500 A). 

[0067] The wafer was then planarized using the ma- 
terials and conditions described in Example 1 . A trace 
of the planarized surface was obtained as previously de- 
scribed and is illustrated in FIG. 14. The trace indicates 
that the planarizing layer over these features had vari- 
ations in height less than 30 nm (300 A), after allowing 
for warpage, which is about a 96.5% degree of planari- 
zation. 

Example 5 

[0068] A silicon wafer with 1 1 00 ^im x 3300 ^m arrays 
thereon separated by 50 |im spaces was coated with a 
2.5 fim-thick layer of PE-TEOS. A trace of a Dektak scan 
of this pattern, obtained as described in Example 1 . is 
illustrated in FIG. 15. The trace shows that the features 
had a height of about 800 nm (8000 A). 
[0069] The wafer was then planarized using the ma- 
terials and conditions described in Example 1 . A trace 
of the planarized surface was obtained as previously de- 
scribed and is illustrated in FIG. 16. The trace indicates 
that the planarizing layer over these features had vari- 
ations in height less than a few ten nm (hundred A), after 
allowing for warpage, which is about a 96% degree of 
planarization. 



Claims ^ 

1. A process for fabricating a semiconductor device 



comprising: 

forming a planarization material region on a 
topographic substrate surface wherein the 
5 planarization material has a pre-planarization 

viscosity of 0.2 to lOg/cm/s (20 to 1000 
centipoise); 

contacting the planarization material region 
having said viscosity with a flat surface of an 

10 object with a force sufficient to substantially 

transfer the surface flatness from the flat sur- 
face of the object to said planarization material; 
hardening the planarization material while in 
contact with the flat surface of the object; 

IS separating the flat surface of the object from 

contact with the hardened planarization mate- 
rial; 

transferring the flat surface from the planariza- 
tion material to the substrate underlying the ma- 
20 terial, wherein 

the planarization material undergoes a reduc- 
tion in volume of less than 10% by hardening, 
and 

before contacting the flat surface of the object 
25 with the planarization material, a layer of re- 

lease material is formed on the flat surface of 
the object to aid the separation of the flat sur- 
face from the planarization material without dis- 
turbing the planar ity of the planarizing material. 

30 

2. The process of claim 1 , wherein the flat surface is 
transferred from the material to the substrate under- 
tying the material by etching. 

35 3. The process of claim 2. wherein the etch rate of the 
planarization material is about equal to the etch rate 
of the substrate material underlying the planariza- 
tion material. 

40 4. The process of claim 3, wherein the planarization 
material comprises an epoxy resin. 

5. The process of claim 4, wherein the epoxy resin is 
an aromatic epoxy resin. 

45 

6. The process of claim 4, wherein the planarization 
material further comprises an energy-generated ac- 
id catalyst. 

50 7. The process of claim 6, wherein the energy gener- 
ated acid catalyst is a photoacid generator. 

8. The process of claim 7. wherein the planarization 
material is hardened by exposing the material to ul- 
55 traviolet radiation. 

.9. The process of claim 3. wherein the planarization 
material comprises a melted polymer 
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10. The process of claim 9. wherein the melted polymer 
is hardened by cooling the melted polymer to a tem- 
perature that is below the melting point of the mefted 
polymer. 

11. The process of claim 10 wherein the planarization 
material is exposed to ultraviolet radiation through 
the flat surface of the object. 



Patentanspruche 

1. Verfahren zur Herstellung einer Halbleiteranord- 
nung, bei dem: 

eine Planarisierungsmaterialzone auf einer to- 
pographischen Substratoberflache ausgebildet 
wird, wobei das Planarisierungsmaterial vor 
der Planarisierung eine Viskositat von 0,2 bis 
10 g/cm/s (20 bis 1000 Centipoise) aufweist; 
die diese Viskositat aufweisende Planarisie- 
rungsmaterialzone mit einer solchen Kraft mit 
einer ebenen Oberflache eines Gegenstands in 
BerOhrung gebracht wird, daRdleOberflachen- 
ebenheit von der ebenen Oberflache des Ge- 
genstands auf das Planarisierungsmaterial 
ubertragen wird; 

das Planarisierungsmaterial gehartet wird, 
wahrend es in BerOhrung mit der ebenen Ober- 
flache des Gegenstands steht; 
die ebene Oberflache des Gegenstands von 
dem geharleten Planarisierungsmaterial abge- 
lost wird; 

die ebene Oberflache von dem Planarisie- 
rungsmaterial auf das unter dem Material !ie- 
gende Substrat ubertragen wird, wobei 
das Planarisierungsmaterial durch Harten eine 
Volumenabnahme von wehiger als 10% er- 
fahrt, und 

vor dem in BerOhrung Bringen der ebenen 
Oberflache des Gegenstands mit dem Planari- 
sierungsmaterial eine Schichl aus Trennmate- 
riat auf der ebenen Oberflache des Gegen- 
stands ausgebildet wird. um die Trennung der 
ebenen Oberflache von dem Planarisierungs- 
material ohne Beeintrachtigung der Planheit 
des Planarisierungsmaterials zu erieichtern. 

2. Verfahren nach Anspruch 1 , wobei die Ubertragung 
der ebenen Oberflache von dem Material auf das 
unter dem Material liegende Substrat durch Atzen 
erfolgt. 

3. Verfahren nach Anspruch 2, bei dem die Atzrate 
des Planarisierungsmaterials etwa gleich der Atz- 
rate des unter dem Planarisierungsmaterial liegen- 
den Substratmaterials ist. 
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4. Verfahren nach Anspruch 3, bei dem das Planari- 
sierungsmaterial ein Epoxyharz enthalt. 

5. Verfahren nach Anspruch 4. bei dem das Epoxy- 
harz ein aromatisches Epoxyharz ist. 

6. Verfahren nach Anspruch 4, bei dem das Planari- 
sierungsmaterial Oberdies einen energetisch er- 
zeugten sauren Katalysator enthalt. 

7. Verfahren nach Anspruch 6, bei dem der energe- 
tisch erzeugte saure Katalysator ein Photosaure- 
bildner ist. 



IS 8. Verfahren nach Anspruch 7, bei dem das Planari- 
sierungsmaterial durch Belichtung des Materials 
mit Ultraviolettstrahlung gehartet wird. 

9. Verfahren nach Anspruch 3, bei dem das Planari- 
20 sierungsmaterial ein geschmolzenes Polymer ent- 
halt. 

10. Verfahren nach Anspruch 9, bet dem die Hartung 
des geschmolzenen Polymers durch AbkOhlung 

25 des geschmolzenen Polymers auf eine Temperatur 
unterhalb des Schmelzpunkts des geschmolzenen 
Polymers erfolgt. 

11. Verfahren nach Anspruch 10. bei dem die Belich- 
30 tung des Planarisierungsmaterials mit Ultraviolett- 
strahlung durch die ebene Oberflache des Gegen- 
stands hindurch erfolgt. 



35 Revendicatlons 

1. Precede de fabrication d'un dispositif k semicon- 
ducteur comprenant : 

40 la formation d'une r6gton de mat^riau de pla- 

narisation sur une surface de substrat topogra- 
phique dans laquelle le materiau de planarisa- 
tion a une viscosity de pr6-planarisation de 0,2 
^ 10 g/cm/s (20 h 1000 centipoises) ; 

45 la mise en contact de la region de materiau de 

planarisation ayant ladite viscosit6 avec une 
surface plate d'un objet avec une force suffi- 
sante pour transferer substantiellement la pla- 
n6it6 de la surface plate de Tobjet audit mat6- 

50 riau de planarisation ; 

!e durcissement du materiau de planarisation 
lorsqu'il est en contact avec la surface plate de 
I'objet ; 

la separation de la surface plate de I'objet de 
55 son contact avec le materiau de planarisation 

durci ; 

le transfert de la surface plate du materiau de 
planarisation au substrat sous-jacent au mate- 
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riau, dans lequet 

iemateriau de ptanarisation subit une reduction 
de volume de moins de 10% par durcissement, 
et 

avant la mise en contact de la surface plate de s 
I'objet avec le materiau de planarisation. une 
couch e de matifere de ddtachement est torm6e 
sur la surface plate de I'objet en vue d'aider la 
separation de la surface plate d'avec le mate- 
riau de planarisation sans deranger la planeite io 
du mat6riau de planarisation. 

2. Procede selon la revendication 1, dans lequel la 
surface plate est transf6r6e depuis le mat6riau jus- 
qu'au substratsous-jacentau materiau par gravure. '5 

3. Proc6d6 seton la revendication 2, dans lequel la Vi- 
tesse de gravure du materiau de ptanarisation est 
environ 6gale a la Vitesse de gravure du matdriau 
de substrat sous-jacent au mat6riau de planarisa- 
tion. 

4. Procede selon la revendication 3, dans lequel le 
materiau de ptanarisation comprend une r6sine 
epoxy. 

5. Proc6d6 selon la revendication 4, dans lequel la r6- 
sine epoxy est une resine epoxy aromatique. 

6. Procdde selon la revendication 4, dans lequel le 30 
materiau de planarisation comprend en outre un ca- 
talyseur acide g6ner6 par 6nergie. 

7. Procede selon la revendication 6, dans lequel le ca- 
talyseur acide g6ner6 par energie est un generateur 35 
photoacide. 

8. Procede selon la revendication 7, dans lequel le 
materiau de planarisation est durci en exposant le 
mat6riau & un rayonnement ultraviolet. 40 

9. Procede selon la revendication 3, dans lequel le 
materiau de planarisation comprend un polym6re 
fondu. 

45 

10. Proc6d6 selon ta revendication 9, dans lequel le po- 
lymere fondu est durci en ref roidissant le polymere 
fondu ^ une temperature inferieure au point de fu- 
sion du polymfere fondu. 

50 

11. Procede sefon la revendication 10. dans lequel le 
materiau de planarisation est expose k un rayonne- 
ment ultraviolet ^ travers la surface plate de I'objet. 

55 
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FIG. 3 
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FIG. 5 
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FIG. 8 
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FIG. 11 
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FIG. 14 
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